Estimates of the body composition of the growing fetus (38) have been used as guidelines from which the nutrient requirements of the growing low birthweight infant have been calculated (1 5) . This approach has been challenged (2 1) : the low birthweight infant in an extrauterine environment, with physiologic and environmental conditions differing from those of the fetus, may have different nutrient requirements both for maintenance and for storage in growing tissues. The observation that human milk expressed from preterm mothers differs from that of term mothers (I, 2, 3, 17) has contributed to a renewed interest in the suitability of this food for growing low birthweight infants. Previous studies (8, 28 ) have measured energy balance in growing low birthweight infants fed formula. In this study we have measured both energy and nitrogen balances in growing low birthweight infants fed either their own mother's expressed milk or formula.
The aims of the study are to compare the two dietary groups with regard to (1) the partition of energy intake into energy excretion, expenditure, and storage; (2 ) the partition of nitrogen intake into excretion and retention; and ( 3 ) the relation of energy storage and nitrogen retention to weight gain. From these measurements, the composition of weight gain was estimated for each dietary group.
SUBJECTS AND METHODS
Informed consent was sought from the parents of healthy, growing, low birthweight infants born at or referred to McMaster University Medical Centre between June 1978 and August 1980. To qualify for the study, each baby had to be receiving all feeds by gavage, free of respiratory or gastrointestinal disease, less than 1800 g at birth and growing at a rate of at least 10 g/(kg. day).
Allocation was by maternal preference into a human milk fed group and a formula fed group. Formula (Similac, Ross Laboratories) was obtained after reconstitition and resterilization from a distribution service. Only those infants who were fed exclusively either with formula or with their own mother's expressed milk were included in the study.
Each study consisted of a 14-day balance period during which time the amount of feed intake was measured daily (Fig. 1) . Pooled samples of feed and of excreta were collected for analysis during collection periods which comprised the first 3 and the last 3 days of the balance period. Energy expenditure was measured three times, at weekly intervals, on each occasion throughout two interfeed periods (4 or 6 h). Behavioural state, observed continuously throughout two interfeed periods, was measured concurrently with energy expenditure and on 4 additional days. All babies were nursed in a servocontrolled incubator with the skin temperature set at 36.5"C.
Energy and nitrogen intake. Each baby was fed two or three hourly in amounts depending upon. clinical assessment of the infant's tolerance to a goal of 180 ml/(kg. day). The day's allocation of milk or formula was divided equally into containers. These were then weighed before and after feeding. An adjustment was made for the small amounts of feed left in the tubing of the gavage apparatus. The formula was shaken vigorously before feeding and sampled for analysis. Human milk was expressed by mothers, pooled in complete daily collections and refrigerated at 4°C. Each day's milk was mixed in a domestic blender, divided up immediately into individual feeds, and sampled for analysis. The feed containers were shaken again .before giving the whole contents by gavage. All babies received supplements of vitamins 10.3 ml Polyvisol (Mead Johnson) and vitamin D 400 I.U.] daily. Six human milk fed and eleven formula fed infants received supplements of 25 I.U. vitamin E, and seven human milk fed and 17 formula fed infants received calcium supplements (200-400 mg calcium gluconate daily). The experimentally determined energy contents of the supplements were included in the estimates of intake.
Energy and nitrogen excretion. Stool and urine were collected separately using a polyethylene stool collection bag (30) and a metabolic frame (1 8) . The excreta were pooled over each 3-day collection period and frozen for analysis.
Analysis of feed and excreta. The samples of stood were thawed, quantitatively transferred, and freeze-dried. The dried stool was weighed, ground, and mixed for analysis. The total weight of urine was recorded for the 3-day period, and duplicate aliquots of 10 g were weighed into plastic bags of known weight and gross energy value. The urine was freeze-dried in the bags and then the bag along with the dried urine was combusted in an oxygen bomb calorimeter (Parr Corp., Moline, IL). The gross energy contents of the milk and formula were determined in the same way as the urine. Nitrogen in the stool, urine, milk, and formula was determined by the Kjeldahl procedure (l9), the fat content of stool by the Van de Kamer procedure (35) , and of the milk by the Bligh and Dyer procedure (6) .
Energy expenditure. A Kipp diaferometer was used for the measurement of energy expenditure. This was calibrated with human expired air using a modification of the method described by Ten Hoor (34) . At a rate of oxygen consumption or of carbon dioxide production of 6.00 ml/min, the standard deviation of a single value was 0.36 ml/min. The full range over which the diaferometer was calibrated was equivalent to oxygen consumption rates of 0-12 ml/min.
Persistently high respiratory quotients were recorded during the study. These were found to be caused by breath hydrogen, which interfered with the diaferometer and led to an underestimation of the true rate of oxygen consumption. The degree of underestimation depended upon the rate of production of breath hydrogen by the infant. The carbon dioxide recording was not significantly affected; therefore, the mean of minute by minute VC02 readings taken over the measuring period was used to determine energy expenditure. As the energy equivalent of carbon dioxide depends upon the respiratory quotient, we derived nonprotein respiratory quotients from food quotients (13) estimated from our knowledge of daily metabolizable energy intake, nitrogen and fat intakes and excretions, and carbon dioxide production (see "Appendix"). The energy equivalents of carbon dioxide at various nonprotein respiratory quotients were obtained from tables of Lusk adapted by Brody (7). The values for oxygen consumption were adjusted using the nonprotein respiratory quotients derived as described above.
The diaferometer is an open flow system, and measurements were taken with the infant's head in a plastic hood using a measured flow rate of 1.6 Iiter/min. Minute by minute measurements were taken over a total measuring time, which included two feeds and two interfeeding periods (i.e., 4-6 h ). Measurements were interrupted every 20 min for 4 min while the baseline was checked. Feeds were given by gavage via an indwelling orogastric tube so that measurements continued during the feed. For the period when baseline measurements were being recorded, oxygen consumption and carbon dioxide values were estimated by joining adjacent measurement periods to make a continuous estimate.
Behavioural state. The behaviour of the infants was recorded by direct minute by minute observation using the criteria by Prechtl et a/. (27) and with a continuous physiograph record of eye movements, respiration, activity, heart rate, and crying.
Anthropometry. Gestational age was assessed from mothers' dates (if firm) or by Dubowitz assessment (1 2). Body weight was measured to the nearest 5 g by two independent obsemers using a nursery beam balance. Head circumference and length were also independently measured using steel tape and a neonatometer, respectively, designed and built at University of Iowa (26) . These measurements were camed out every day of the collection periods and on at least 5 days distributed throughout the remaining balance period. Rate of weight gain was estimated by linear regression analysis of body weight on postnatal age. This regression model fitted the data as well as a regression of the logarithm of weight on postnatal age.
Evaluation of overall energy and nitrogen balance. Energy, nitrogen, and fat intakes over the collection periods were calculated from the analyses of the pooled 3-day feed samples and the weights of feed given over this period. Excretion in stool and in urine was calculated from the measured weights and composition of the excreta. From these values, coefficients of energy digestibility and metabolizability, nitrogen digestibility and retention, and fat digestibility were calculated for each collection period for each baby.
For the whole balance period gross energy, nitrogen, and fat intakes of each baby were calculated from the daily weights of feed given throughout the balance period, using the average of the values for the composition of feed determined for each collection period. We assumed that the fall in nitrogen content in human milk was linear over this period (2) . The values for digestibility, metabolizability, and retention as determined at each collection period were averaged for each baby; these values were applied to estimates of overall intake to derive values for metabolizable energy intake, nitrogen retained, and fat digested. The three estimates of energy expenditure were combined to give a mean overall value for daily energy expenditure. This was subtracted from the estimate of mean daily metabolizable energy intake to give an estimate of daily energy storage.
Statistical analyses were by unpaired or paired Student's t test where appropriate. Comparison of nutrient intakes, excretion, and coefficients of digestibility, retention, and metabolizability between the feeding groups and collection periods was carried out using analysis of variance and covariance (25) . Relationships between energy balance, nitrogen balance, and weight gain were compared by using multiple linear regression analysis ( 1 1 ) .
RESULTS
Subjects.Nine human milk fed and nineteen formula fed infants were studied (Table I) . Three additional babies, two of whom were formula fed, developed necrotizing enterocolitis and were withdrawn from the study. Fewer human milk fed babies were available for study because at such short gestation many mothers did not express sufficient breast milk to wholly sustain their infants' needs at the time of entry to the study. The human milk fed group did not differ significantly from the formula fed group with respect to birthweight, gestational age, or entry characteristics.
composition ofjeed. The compositions of human milk and formula are shown in Table 2 . When values for the initial and final collection periods were combined, human milk contained slightly but significantly ( P < 0.05) more energy than formula (3.08 kJ/g S.D. 0.3 1 for human milk and 2.9 1 kJ/g S.D. 0.1 1 for formula). Combined initial and final values for nitrogen in human milk were not significantly different from formula. Measurements of fat content were available in only 42 of 56 samples. In those samples in which estimates were available there were no significant differences in overall fat content between human milk and formula. The energy contents of medications were 24 kJ/g for the oil based vitamin D and E preparations, 13 kJ/g for Polyvisol, and 7 kJ/g for calcium gluconate. On average these medications accounted for 4% of gross energy intake.
When human milk was compared between collection periods, there were no significant differences in energy or fat content, but nitrogen content was significantly ( P < 0.0 1) higher in the initial period. Nitrogen content fell from the initial to the final collection period in each case. The mean rate of fall was 0.04 mg nitrogenlg milk per day. Postnatal age was a significant predictor of nitrogen content ( r = -0.88). Nitrogen content at 2 1 days of age was, on average, 2.4 1 mg/g.
Mothers who secreted milk of high energy content in the initial period tended to do so also in the final period (Spearman r = Intake and excretion. There was no significant difference between the weight of feed given to the human milk fed infants and that given to the formula fed infants. There were no significant differences in energy intake or excretion between human milk fed and formula fed infants (Table 3 ). In both groups there was a significant increase in mean energy intake between the initial and final collection period ( P < 0.05). There were no significant differences between human milk fed and formula fed infants or between collection periods in energy excretion in either stool or in urine. There were no significant differences in meta- bolizable energy intakes between human milk fed and formula fed infants. In the human milk fed group, nitrogen intake was higher in the initial collection period and lower in the final collection period than in the formula fed group; the interaction between the time of collection period and the feeding group on nitrogen intake was significant ( P < 0.0 1). Urinary nitrogen excretion was higher in the human milk fed group in the initial collection period but lower in the final collection period, which was also reflected in a significant interaction ( P < 0.01) between collection period and group. There were no significant differences between the dietary groups or collection periods in stool nitrogen excretion or in nitrogen retention.
In the infants for whom samples were available for analysis, fat intake was significantly lower ( P < 0.05) in the human milk fed group in the initial period only. Fat excretion was significantly higher for the human milk fed than for the formula fed group in both collection periods ( P < 0.05).
There were no significant differences in energy digestibility, energy metabolizability, nitrogen digestibility, or nitrogen retention between human milk fed and formula fed infants or between collection periods (Table 4) . Fat digestibility was significantly ( P < 0.05) lower in both collection periods in infants fed with human milk.
Energ-v expenditure. Measurements of oxygen consumption and carbon dioxide production were completed for eight human milk fed and 19 formula fed infants. For the remaining human milk fed infant, the measurements failed for technical reasons.
The human milk fed group expended significantly less energy than the formula fed group (Table 5 ). There was no difference between groups in the time spent in different behaviour states. For each group, energy expenditure was higher (by 24 kJ/(kg. day)) in the final collection period than in the initial collection period. Energy expenditure did not increase in the postprandial period (1 5-45 min after the feed), but activity and proportion of time spent awake decreased in this period. The relationships between activity, behavioural state, and energy expenditure have been described elsewhere (9) .
Energy and nitrogen balances and growth. There were no significant differences between the two dietary groups in weight gain or increase in length or head circumference ( Table 5 ). Metabolizable energy intake, energy storage, and nitrogen retention were very similar in the human milk fed and formula fed infants. In human milk fed infants energy expenditure was 49% (S.D. = 7) and energy storage was 5 1 % (S.D. = 7) of metaboliz- able energy intake; in formula fed infants energy expenditure was 52% (S.D. = 5) and energy storage was 49% (S.D. = 5) of metabolizable energy intake. The small difference between the groups in the partition of energy into expenditure and storage was not significant. In human milk fed infants nitrogen retention was 62% (S.D. = 3) of nitrogen intake whereas in formula fed infants nitrogen retention was 64% (S.D. = 5) of nitrogen intake. This difference was not significant. Among human milk fed infants, mean energy storagelg weight gain was 15.3 kJ/g (S.D. = 2.0) and mean nitrogen retentionjg weight gain was 17.6 mg/g (S.D. = 2.6). Among formula fed infants, mean energy storagelg weight gain was 13.2 kJ/g (S.D. = 1.8) and mean nitrogen retentionlg weight gain was 16.3 mg/ g (S.D. = 2.5). Energy stored per gram weight gain was significantly higher (P < 0.02) among human milk fed infants; there was no significant difference between the dietary groups in nitrogen stored per gram weight gain. A complete record of observations for each infant is given in Table 6 .
DISCUSSION
In the absence of external work, energy balance is described by the equation (32): Gross energy intake = Energy excreted + Energy expended + Energy stored Digested energy is that which remains from gross energy intake after stool energy excretion has been taken into account. Metabolizable energy is energy available for expenditure or storage, and is the energy remaining from the gross energy intake after subtracting energy excreted in stool and urine.
Human milk differed from the formula in that the gross energy content was slightly higher. The value determined by bomb calorimetry (3.08 kJ/g) is similar to that estimated from fat, protein, and nitrogen content (2.97 kJ/g) at similar gestational and postnatal age by others (1) . Both these values are substantially higher than estimates of energy content of term pooled human milk at similar postnatal age (2.47 kJ/g) (1).
The declared energy content of the formula was 68 kca1/100 ml which, with a specific gravity of 1.03, is equivalent to 2.76 kJ/g. This value is 5% lower than our direct estimate of 2.9 1 kJ/ g. The discrepancy is due to the manufacturer's use of Atwater's Applying these values to the label declarations of the formula predicts a gross energy of 2.87 W/g, which is not significantly different from our direct measurement. Atwater's fuel values cannot be applied to infants because their excretory losses are higher than those of adults. One is left with the choice of expressing the energy content of the formula as 2.9 1 kJ gross energy contentlg or, given that in the formula fed group 88% of gross energy intake was metabolizable, as 2.56 kJ metabolizable energylg. For all babies combined metabolizable energy intake was 86% (S.D. = 4) of gross energy intake and nitrogen retention was 64% (S.D. = 5) of nitrogen intake. These values are close to those recently indirectly estimated for infants of similar gestation (4). Human milk and formula did not differ in average nitrogen content when both periods were combined. Nitrogen content in human milk fell with postnatal age at a rate (0.04 mg N/g per day) very similar to that described by Atkinson et a1 (2) . Despite higher nitrogen levels in the first 2 wk, average nitrogen content fell below that of the formula by 3 wk of postnatal age.
The only difference demonstrated in the digestion or retention of the nutrients of human milk and formula was that the fat in formula was more digestible. This observation may be partly explained by the large percentage of fat present as laurate (C12:O) in the formula (26% versus 4% in human milk) (16, 31) . This fatty acid is intermediate between the long chain and medium chain triglycerides and may, like the medium chain triglycerides (33), be more readily absorbed from the gastrointestinal tract than long chain triglycerides. Furthermore, as medium chain triglycerides are more readily oxidized than are long chain triglycerides (5), this difference in fatty acid composition may also contribute to the higher energy expenditure seen in the formula fed infants.
The effect of hydrogen on the diaferometer has been described (7) but has not been taken into account by more recent workers (8, 20) . The low birthweight infant produces substantial quantities of breath hydrogen, which arise from fermentation of lactose in the colon (23) . It can be calculated that the very high energy equivalents for oxygen consumption used by Brooke et al. (8) for some of their subjects correspond to very high respiratory quotients such as we measured before making the correction for hydrogen excretion. The food quotients calculated in our study are indirect estimates of respiratory quotients. Based on these estimates, more fat was stored than could be accounted for by digested fat in 11 infants; in these cases one would expect respiratory quotients to be greater than one (24) .
The relationship between the respiratory quotient and the energy equivalent of carbon dioxide has not been described for respiratory quotients exceeding one; we have chosen not to extrapolate the relationship past unity for respiratory quotients. The energy equivalents thus derived for carbon dioxide ranged between 2 1.12 and 22.18 kJ/liter.
The estimate of daily energy expenditure is based on measurements taken over two interfeeding intervals: there is some, albeit limited, experimental justification for this extrapolation (10) . The confidence with which this prediction can be made would bear further experimental examination. Losses of feed and excreta may combine to cause overestimation of amounts of retained or stored nutrients: we have attempted to minimize this problem, which is common to all balance studies. Currently available techniques for estimating body composition are not accurate enough for use in low birthweight infants.
Prediction of weight gain.
Stepwise multiple linear regression analysis (1 1) was performed to determine the predictors of weight gain within each dietary group. The independent variables tested were metabolizable energy intake, energy expenditure, nitrogen retention, initial weight, and postnatal age. In human milk fed infants, weight gain was predicted (Table 7 ) from initial weight, metabolizable energy intake, and energy expenditure (r2 = 0.96). For the formula group, weight gain was best predicted from metabolizable energy intake alone (r2 = 0.69); the addition of energy expenditure did not significantly improve the prediction of weight gain. Nitrogen retention did not make a significant contribution to the prediction of weight gain for either group.
Composition ~f weight gain. Energy intake and nitrogen intakes were similar in the two dietary groups; therefore, it was of interest to compare the two groups with respect to the composition of weight gain. Prediction equations for energy storage and nitrogen retention were derived for each group using stepwise multiple linear regression. The possible determinants examined were the babies' initial weight, rate of weight gain, postnatal age, and, where appropriate, rate of energy storage and nitrogen retention. The prediction equations are given in Table 7 . Energy storage was predicted by weight gain alone for both human milk fed infants (r' = 0.84) and for formula fed infants (r2 = 0.51).
In both groups of infants nitrogen retention was predicted from energy storage alone. These equations were then used to estimate the composition of weight gain for each dietary group, assuming ( I ) gross energy values of 38.7 kJ/g for fat and 23.6 kJ/g for protein; (2) that 16% of protein is nitrogen; and (3) that carbohydrate storage is negligible. For human milk fed infants, the composition of weight gain was calculated as 10.7% protein and 33.8% fat; for formula fed infants it was 10.1% protein and 27.7% fat.
The prediction equations were used to explore the effect of rate of weight gain on the composition of weight gain. We repeated the calculations setting weight gain at 1 S.D. below and I S.D. above the mean rate of weight gain within each dietary group. The rate of fat accretion was greater in the faster growing infants in both dietary groups, but in the human milk fed infants Fig. 2 . Percentage composition of weight gain in low birthweight infants fed either mother's expressed breast milk or formula (Similac 20 kcal/oz). In each dietary group, the three bars describe the % composition of weight gain of babies who gain at the mean rate for that dietary group, 1 S.D. below the mean rate or 1 S.D. above the mean rate. The daily rates of weight gain @/day) are given by the numbers at the bottoms of the columns. The numbers within the bars indicate the % of weight gained as protein El and as fat D.
RATE OF WEIGHT GAIN (glday)
the increase in rate of fat accretion was substantially greater than in the formula fed infants. In human milk fed infants, % of weight gained as fat increased with increasing rates of weight gain; in formula fed infants it fell (Fig. 2) . In both groups % of weight gained as protein was lower with increasing rates of weight gain. Infants fed human milk who grew at 1 S.D. below the mean rate stored 13.7 kJ energylg weight gain; for those growing at 1 S.D. above the mean rate this figure rose to 16.8 kJ/g. In contrast, formula fed infants growing at 1 S.D. below mean weight gain stored 14.1 kJ energy/g weight gain; this fell to 12.4 kJ/g among formula fed infants growing at 1 S.D. above mean weight gain. The composition of weight gain was sensitive not only to the nature of the diet but also to the rate of weight gain within each dietary group.
Comparison with previous studies. There are no previous published studies with which to compare our balance data on very low birthweight infants fed their mother's expressed breast milk. Two previous studies (8, 29) have reported the energy balance of such infants fed formula, and one of these (29) has also reported the nitrogen balance and composition of weight gain.
Brooke et al. (8) studied the energy balance of 15 healthy, growing low birthweight infants fed V formula (Cow and Gate). Their infants were somewhat larger than our formula fed infants at birth (mean birthweight 1.58 kg) and they were fed a much higher gross energy intake [757 kJ/(kg. day) versus 528 kJ/(kg.
day)]. In our study metabolizable energy intake averaged 88% (S.D. = 3%) of gross energy intake for formula fed infants whereas in the study of All three studies agree that formula fed low birthweight babies have a much higher fat accretion rate (and energy cost of weight gain) then has been calculated for fetal growth in utero at the equivalent body weight or post-conceptional age (36, 37, 38) . This is even more true of the low birthweight baby fed mother's expressed breast milk who is rapidly gaining weight. We calculate that such an infant has a fat accretion rate close to that described for the first four months of extrauterine growth of the "male reference infant" born at term (14) .
Weight gain in low birthweight infants fed their own mother's expressed breast milk consists of greater quantities of fat than does the weight gain of infants fed formula. Furthermore, the composition of weight gain depends on the rate of weight gain. Low birthweight infants fed human milk who gain weight rapidly do so by increasing the proportion of weight gained as fat; formula fed infants who gain weight rapidly do so by increasing the proportion of weight gained as water and mineral.
When growing low birthweight infants fed on their own mother's expressed milk were compared with similar infants fed with formula (Similac 20 kcal/ounce): ( I ) there were no differences in the proportions of energy or nitrogen intakes lost in stool and urine; (2) infants fed with human milk expended less energy than those fed with formula; (3) although metabolizable energy intakes were similar, infants fed with human milk stored significantly greater quantities of energy per gram weight gain than those fed with formula; and (4) energy storage was a better predictor of weight gain than was nitrogen retention.
APPENDIX
Derivation uf,food qzlotient. The diaferometer measurements of oxygen consumption were affected by breath hydrogen. This was brought to our attention towards the latter part of the study. We were therefore obliged to derive a respiratory quotient from a knowledge of daily carbon dioxide production rate (VC02), daily nitrogen retention (N RETAINED), daily nitrogen urinary excretion rate (N OXIDIZED), and daily metabolizable energy intake (Fig. 3) .
As the energy equivalent of C 0 2 (kJ expended per liter CO2 consumed) is the variable estimated, it becomes necessary to arbitrarily choose an energy equivalent to start the reiterative cycle. In this computation the value equivalent to a non-protein respiratory quotient of one is taken (2 1.12 kJ/liter). The rate of oxidation of protein is ,calculated from the urinary nitrogen excretion rate, and the VC02 value is converted to a nitrogenfree value (N-FREE VC02) by subtracting the carbon dioxide generated by protein oxidation. The following formula is used to establish the quantity of carbon dioxide generated from protein oxidation: 1 g urinary nitrogen 4.76 liter VC02
This value is substracted from VC02 (literlday). The resulting N-FREE VC02 is multiplied by the energy equivalent of C 0 2 (21.12 kJ/liter). To this value is added the energy expended in nitrogen oxidation obtained from the equation:
1 g urinary nitrogen = I 1 I kJ energy expended
The total energy expenditure so obtained is subtracted from the metabolizable energy intake. The difference is energy stored, and it is assumed that this is stored entirely as fat and protein.
To subtract the energy value of protein stored, assuming a value of 6.25 g protein/g nitrogen we use the equation:
1 g nitrogen retained = 6.25 x 23.64 kJ stored energy Therefore, energy stored as nitrogen = 148 kJ/g N. This can be subtracted from the total energy stored to obtain the energy stored as fat. As we know the amount of fat digested, we can subtract fat stored from fat digested to give us the net amount of fat oxidized. By converting this value to kJ/day expended from fat (using the constant 38.7 kJ/g fat) this is related to the respiratory quotient (RQ) and to the energy equivalent of C02. Where f is the fraction of non-protein energy expenditure derived from the oxidation of fat:
Energy equivalent of C 0 2 = 2 1.12 + 6.878 f .At RQ = 1 (0% energy from fat oxidation) the energy equivalent of C 0 2 is 21.12 kJ/liter and at RQ = 0.7 (100% energy from fat oxidation) the energy equivalent is 28.00 kJ/liter. Now the newly derived energy equivalent can be compared to the original starting equivalent which was given as 21.12 kJ/liter. If the new equivalent differs from the old, it replaces it and the whole sequence of calculations starts again, reiterating until the two consecutive estimates of the energy equivalent match to four decimal places. When this condition is fulfilled, the energy equivalent is used to calculate energy expenditure, energy storage, and RQ. of 2 1.12 kJ/liter. All conversion constants used were taken from Brody (7) and the heats of combustion of Atwater (22) .
Balance techniques may overestimate nitrogen retention or fat digestion. These errors have different effects at various points in the calculation of the energy equivalent. The overall effect of a 10% overestimate of nitrogen retention is an overestimate of energy expenditure of 0.5%: that of a 10% overestimate of fat digestion is an overestimate of energy expenditure of 0.07%.
Example. An infant who has a VC02 of 7.25 ml/min (10.44 literlday) has daily values for metabolizable energy intake of 466 kJ, nitrogen retention of 276 mg, urine nitrogen excretion of 90 mg, and fat digestion of 5.4 g. The reiterative programme gives an energy equivalent of carbon dioxide of 2 1.35 kJ/liter equivalent to a respiratory quotient of 0.99. Energy expenditure is 224 kJ/day and energy storage is 242 kJ/day. Of the total energy expenditure 4.5% was derived from protein oxidation: of the non-protein energy expended 3.3% was derived from fat oxidation.
